extracts were used, neat and diluted 1: 2, 1: 5, 1: 10, 1: 20, 1:50. Sterile vitamin B12 aqueous solutions containing 0 to 50 pug. per ml. were prepared for the standard B12 curve. To 5 ml. aliquots of neat and diluted extracts and of B12 standard solutions in sterile tubes an equal amount of double-strength Difco B12 assay broth and 0-1 ml. of L. leichmannii inoculum were added. The tubes were incubated anaerobically at 37°C. for 36 hours. After incubation the cultures were diluted with an equal volume of 3% HCl in saline and the opacity measured in a Unicam SP 500 spectrophotometer (wavelength 590 millimicrons, large tube with light path of 24 mm.). Dilution with acid saline has two advantages: it confines all opacity readings in the test to the more sensitive part of the logarithmic scale and it produces a uniform yellow colour in all culture tubes, which, after incubation, are of different shades from reddish-brown to yellow.
The assay of vitamin B12 in serum is now accepted as a routine laboratory test. In some laboratories the method using Lactobacillus leichmannii as the test organism is used in preference to the more time-consuming Euglena gracilis method. It gives satisfactory results and does not require special equipment but the fact that L. leichmannii used in the test is sensitive to antibiotics is sometimes ignored and specimens for the test are collected during antibiotic treatment. The purpose of this investigation is to draw attention to possible errors in B12 assay by using the L. leichmannii method on sera collected while patients were receiving penicillin.
METHODS
B12 ASSAY IN SERUM A modification of methods described by Hawkins and Meynell (1958) and Cooper (1959) extracts were used, neat and diluted 1: 2, 1: 5, 1: 10, 1: 20, 1:50. Sterile vitamin B12 aqueous solutions containing 0 to 50 pug. per ml. were prepared for the standard B12 curve. To 5 ml. aliquots of neat and diluted extracts and of B12 standard solutions in sterile tubes an equal amount of double-strength Difco B12 assay broth and 0-1 ml. of L. leichmannii inoculum were added. The tubes were incubated anaerobically at 37°C. for 36 hours. After incubation the cultures were diluted with an equal volume of 3% HCl in saline and the opacity measured in a Unicam SP 500 spectrophotometer (wavelength 590 millimicrons, large tube with light path of 24 mm.). Dilution with acid saline has two advantages: it confines all opacity readings in the test to the more sensitive part of the logarithmic scale and it produces a uniform yellow colour in all culture tubes, which, after incubation, are of different shades from reddish-brown to yellow.
DETERMINATION OF L. LEICHMANNII SENSITIVITY TO
PENICILLIN A series of twofold dilutions of penicillin in sterile distilled water was prepared. The solutions contained between 0 0038 and 0-48 units of penicillin per ml. To 5 ml. aliquots of each solution an equal amount of double-strength Difco B12 assay broth containing 50 /,u,g of B12 per ml. and 0 I ml. of L. keichmannii inoculum were added. The tubes were incubated anaerobically at 37°C. for 36 hours and the presence or absence of growth was read macroscopically.
PENICILLIN ASSAY IN SERUM AND SERUM EXTRACTS
The method used was that described by Mackie and McCartney (1953) . From both neat serum (or extract) and from its 1:100 dilution in sterile broth a series of twofold dilutions in sterile broth was prepared (from 1 :1 to 1: 64). At the same time a series of twofold penicillin dilutions in sterile broth containing between 0-0019 and 024 units per ml. was also prepared. Then 0-3 ml. aliquots of all serum (or extract) and of penicillin dilutions were inoculated Borys Boezarow with a standard loopful of 1: 300 dilution in broth of a 24-hour-old broth culture of the Oxford staphylococcus. The tubes were incubated overnight and the presence or absence of growth observed macroscopically.
The lowest penicillin concentration that inhibited growth of the Oxford staphylococcus was invariably 0 03 units per ml. The same penicillin concentration was assumed to be present in the highest serum or extract dilution that inhibited growth of the Oxford staphylococcus.
RESULTS
The lowest level of penicillin in the serum to be assayed which might, by inhibiting the growth of the test organism, interfere with the assay depends on (1) the sensitivity of L. ieichmannii to penicillin, (2) the dilution of the serum to be assayed, and (3) The influence ofpenicillin on Lactobacillus leichmannii serum B12 assay (extracts diluted 1: 2 and 1: 5 corresponding to serum dilutions of 1:20 and 1:50). The inhibition corresponded roughly to the pencillin level in the extract. In Cases A, B, and C, in which extract penicillin levels were less than 0 25 units per ml., the growth of L. leichmannii was completely inhibited in the first two tubes only. In Case D, in which extract penicillin level was 1 unit per ml., there was no growth in the first four tubes, and in Case E with an extract penicillin level of 1 9 units per ml. in the first five tubes. Such complete lack of growth in culture tubes inoculated with L. leichmannii is never found when sera are free from penicillin. Even with sera from patients with pernicious anaemia in those tubes containing the least amount of extract there is always a slight turbidity visible to the naked eye. While penicillin interference should not be missed in cases where growth of L. keichmannii is completely inhibited, it is less easily recognized in tests where extract penicillin levels are so low that growth of L. leichmannii is only partly inhibited. Two such cases are shown in Fig. 2 . These two patients were treated with fairly low doses of penicillin (Case F, Broxil tablets, 500 mg. daily, and Case G, penicillin injections, 500,000 units daily). Two blood specimens for B12 assay were collected from each patient, one before and another on the second day of penicillin treatment. It was assumed that there would be no significant difference in B12 levels between two specimens collected at such short intervals. There was a marked difference in the appearance of opacity curves between the first and the second specimens. The specimens collected before penicillin treatment showed a more or less regular slope, while the specimens collected during treatment produced a curve of unusual shape. The growth of L. keichmannii was scanty in the first tubes containing undiluted extract. It increased with each dilution till the peak was reached and then diminished with further dilutions. The first, rising part of the curve was obviously related to penicillin and not to B12 concentration. The peak values in both cases were less than in corresponding dilutions of penicillinfree extracts and could not be accepted as representing true B12 concentrations. The serum B12 levels calculated from each dilution are shown in Table II . Ross (1952) found that 'sulphathiazole, penicillin, streptomycin, aureomycin, chloramphenicol, and para-aminosalicylic acid when added in concentration likely to be found in human serum during treatment with these drugs were without significant effect on growth of Euglena gracilis'. Lear, Harris, Castle, and Fleming (1954) , on the other hand, reported that 'sulphonamide derivatives may be present in serum in concentrations which can inhibit Euglena growth'. Hutner, Bach, and Ross (1956) showed that the addition of paraaminobenzoic acid to the basal medium abolished the inhibitory effect of sulphonamides but did not interfere with the growth of Euglena gracilis in serum B12 assay.
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